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MULTIPLE PACK EGR COOLER 

RAPKraOIINn OF THF INVENTION 

The present invention relates generally to a multiple pack exhaust gas 
5 recirculation (EGR) cooler for use in a combustion engine. 

EGR systems are utilized to improve engine efficiency and to reduce the 
harmful effects of exhaust gas on the environment. As an engine burns fuel, the 
engine produces an exhaust gas which contains unburned fuel and other impurities. 
An EGR system redirects the exhaust gas back through the engine to burn any 
10 unburned fuel remaining in the exhaust gas. By reburning the exhaust gas before it 
is released into the environment, the harmful effects of the exhaust gas on the 
atmosphere are reduced, enabling the vehicle to meet government emission 
standards. 

EGR systems typically include a valve and a cooler. The valve regulates the 
15 amount of exhaust gas which is introduced back into the engine. The cooler cools 
the exhaust gas to a specified temperature to condense the unburned fuel prior to 
being introduced back into the engine. 

The cooler of an EGR system is usually either a plate heat exchanger or a shell 
and tube heat exchanger. A plate heat exchanger is generally smaller than a shell and 
20 tube heat exchanger having equivalent performance abilities. As a plate heat 
exchanger is smaller, it is more commonly used when there are spacial constraints. As 
prior art shell and tube heat exchangers are generally larger, a drawback is that they 
cannot be used if there are spacial constraints. 

Hence, there is a need in the art for a shell and tube heat exchanger for use in 
25 an EGR cooler of a combustion engine which is smaller in size without a decrease in 
performance ability. 

SUMMARY OF THE INVENTION 

An exhaust gas recirculation (EGR) system is employed to redirect exhaust gas 
30 to a combustion engine to burn any remaining fuel in the exhaust gas. The EGR 
system includes a cooler which condenses any unburned fuel remaining in the exhaust 
gas prior to being introduced back into the engine. The cooler is separated into a 
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plurality of packs each including a plurality of helical tubes contained within a shell 
section. In one example, the tubes are helical shaped to increase the surface area 
between the hot exhaust fluid in the tubes and the cooling fluid in the shell section. 
The helical shape of the tubes also increases the turbulence of the exhaust fluid 
5 flowing in the tubes. The tubes are such as are available under the trademark 
Flexfin™. 

As the exhaust fluid passes through the tubes in the cooler, the exhaust fluid 
exchanges heat with the cooling fluid in the shell section and condenses. In one 
example, the cooler includes three packs. The exhaust fluid flows through the plurality 

10 of tubes in the first pack and exchanges heat with the cooling fluid. After entering a 
first reversing chamber, the exhaust fluid is directed into the second pack. The exhaust 
fluid flows through the plurality of tubes in the second pack in a direction opposite to 
the flow of the exhaust fluid in the first pack. The exhaust fluid enters a second 
reversing chamber and is directed into the plurality of tubes in the third pack. The 

15 exhaust fluid exchanges heat with the cooling fluid in the third pack and enters the 
third reversing chamber for entry in an exit tube for recirculation back into the engine. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Advantages of the present invention will be readily appreciated as the same 
20 becomes better understood by reference to the following detailed description when 
considered in connection with the accompanying drawings wherein: 

Figure 1 illustrates a schematic view of an EGR system; 
Figure 2 illustrates a cross-sectional view of the EGR cooler of the present invention 
using a shell and tube heat exchanger in multiple packs; and 
2 5 Figure 3 illustrates a perspective view of a section of one of the tubes. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Figure 1 schematically represents of an exhaust gas recirculation (EGR) system 
10 used in a combustion engine 12. As the engine 12 bums fuel, an exhaust gas 
30 containing unburned fuel and other impurities is produced. The EGR system 10 
redirects the exhaust gas back to the engine 12 to burn any fuel remaining in the 
exhaust gas. 
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A valve 14 regulates the quantity of exhaust gas in the EGR system 10 
introduced back into the engine 12. After passing through the valve 14, the exhaust 
gas enters a cooler 16 for cooling to a specified temperature. Unbumed fuel 
remaining in the exhaust gas is condensed in the cooler 16 prior to being introduced 
5 back into the engine 1 2. 

Figure 2 schematically illustrates the cooler 16 of the present invention. The 
cooler 16 is separated into three packs 18a, 18b and 1 8c, each including a plurality of 
tubes 22 contained within a shell section 20. The exhaust fluid in the plurality of tubes 
22 exchanges heat with cooling fluid in the shell section 20. The cooling fluid flows 

10 between packs 18 in the cooler 16 through openings 40 between the packs 18. The 
cooling fluid is preferably a mixture of water and glycol. However, it is to be 
underetood that the plurality of tubes 22 can contain the cooling fluid and the shell 
section 20 can contain the exhaust fluid. 

The cooling fluid enters the shell section 20 through a cooling fluid inlet 24. 

15 The cooling fluid flows around the plurality of tubes 22 and exchanges heat with and 
cools the exhaust fluid in the tubes 22. The cooling fluid exits the cooler 16 through a 
cooling fluid outlet 26. 

Hot exhaust fluid from the engine 12 enters the cooler 16 through an exhaust 
fluid inlet 28 and flows through the plurality of tubes 22 in the pack 18a. In one 

20 example, as illustrated in Figure 3, the plurality of tubes 22 are helical shaped to 
increase the surface area of the tubes 22 and the heat transfer surface area between the 
exhaust fluid and the cooling fluid. The helical shaped tubes 22 are such as are 
available under the trademark Flexfin™. The helical shape of the tubes 22 also creates 
turbulence in the exhaust fluid, further increasing heat transfer between the exhaust 

2 5 fluid and the cooling fluid. 

Returning to Figure 2, the exhaust fluid exchanges heat with the cooling fluid 
and condenses as it passes through the cooler 16. As the exhaust fluid flows through 
the plurality of tubes 22 in the first pack 18a, the exhaust fluid exchanges heat with the 
cooling fluid in the shell section 20. The exhaust fluid then enters a first reversing 

30 chamber 30a, which directs the exhaust fluid into the plurality of tubes 22 in the 
second pack 18b. In the second pack 18b, the exhaust fluid flows through the plurality 
of tubes 22 in a direction opposite to the flow of the exhaust fluid in the first pack 18a 
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and continues to lose heat to the cooling fluid. The exhaust fluid then enters a second 
reversing chamber 30b and is directed into the plurality of tubes 22 in the third pack 
1 8c. The exhaust fluid exchanges heat with the cooling fluid in the third pack 18a and 
enters the third reversing chamber 30c. The exhaust fluid then flows through an exit 
5 tube 32 and is directed out of the cooler 16 through the exhaust fluid outlet 34 for 
recirculation back into the engine 12. 

Each pack 1 8 further includes two endplates 38 having a plurality of holes 40 sized and 
shaped to receive an end 36 of one of the plurality of tubes 22. The number of holes 
40 in each endplate 38 equals the number of tubes 22 employed in each pack 18. The 

10 ends 36 of each tube 22 are each inserted into one of the holes 40 and secured. In one 
example, the ends 36 of the tubes 22 are secured in the holes 40 of the endplate 38 by 
welding, although it is to be understood that other types of attachment are possible. 
Although the two endplates 36 for any given pack 18 are identical and include the 
same number of holes 40, the number of holes 40 in the endplates 36 in another pack 

15 18 can be different. 

Although three packs 18 have been illustrated and described, it is to be 
understood that any number of packs 18 can be employed in the cooler 16 according to 
customer specifications. For example, the cooler 16 can include two packs 18, or even 
one pack 1 8. A worker skilled in the art would know how many packs 1 8 to employ. 

20 There are many advantages to employing the EGR cooler 16 of the present 

invention. For one, as the plurality of tubes 22 are preferably helical shaped, each tube 
22 has a greater surface area for a given length than a cylindrical tube, increasing the 
heat transfer surface area. As the heat transfer area is increased, the length of the tubes 
22 can be reduced, allowing for a smaller cooler 16. Additionally, as the packs 18 of 

25 the cooler 16 are stacked, the cooler 16 occupies a smaller amount of space than the 
cooler of the prior art. 

The foregoing description is only exemplary of the principles of the invention. 
Many modifications and variations of the present invention are possible in light of the 
above teachings. The preferred embodiments of this invention have been disclosed, 

30 however, so that one of ordinary skill in the art would recognize that certain 
modifications would come within the scope of this invention. It is, therefore, to be 
understood that within the scope of the appended claims, the invention may be 
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practiced otherwise than as specifically described. For that reason the following claims 
should be studied to determine the true scope and content of this invention. 
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CI i AIMS 

1 . A cooler for an exhaust gas recirculation system comprising: 

a plurality of tubes to contain one of an exhaust fluid and a cooling 
5 fluid, said plurality of tubes separated into a plurality of packs; and 

a shell portion enclosing said plurality of tubes to contain the other of 
said exhaust fluid and said cooling fluid, said exhaust fluid and said cooling fluid 
exchanging heat therebetween. 

10 2. The cooler as recited in claim 1 wherein said exhaust fluid is contained 

in said plurality of tubes and said cooling fluid is contained in said shell portion. 

3. The cooler as recited in claim 2 wherein said exhaust fluid passes 
through each of said plurality of packs consecutively. 

15 

4. The cooler as recited in claim 3 wherein said exhaust fluid travels 
between a first pack and a second pack through a first fluid connector positioned 
between said first pack in which said exhaust fluid flows in a first direction and said 
second pack in which said exhaust fluid travels in a second direction opposite to said 

20 first direction, said exhaust fluid flowing through said first connector to reverse said 
exhaust fluid from said first direction to said second direction. 

5. The cooler as recited in claim 4 wherein said cooler further includes a 
third pack, and said exhaust fluid travels between said second pack and said third pack 

25 through a second fluid connector positioned between said second pack in which said 
exhaust fluid flows in said second direction and said third pack in which said exhaust 
fluid travels in a third direction opposite to said second direction, said exhaust fluid 
flowing through said second connector to reverse said exhaust fluid from said second 
direction to said third direction. 

30 
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6. The cooler as recited in claim 5 wherein said cooler further includes an 
exit tube, and said exhaust fluid travels between said third pack and said exit tube 
through a third fluid connector positioned between said third pack in which said 
exhaust fluid flows in said third direction and said exit tube in which said exhaust fluid 

5 travels in a fourth direction opposite to said third direction, said exhaust fluid flowing 
through said third connector to reverse said exhaust fluid from said third direction to 
said fourth direction. 

7. The cooler as recited in claim 1 wherein each of said pack of said 
1 0 cooler further include a first end plate and a second end plate each having a plurality of 

holes, and a first end of each of said plurality of tubes is received in said plurality of 
holes in said first end plate and an opposing second end of each of said plurality of 
tubes is received in said plurality of holes in said second end plate. 

15 8. The cooler as recited in claim 1 wherein said plurality of tubes are 

helical. 

9. An EGR system comprising: 

an engine which burns fuel to produce an exhaust fluid; 
20 a valve to regulate a quantity of said exhaust fluid introduced in a 

cooler, and 

said cooler including a plurality of tubes to contain an exhaust fluid, 
said plurality of tubes separated into a plurality of packs and further including a shell 
portion enclosing said plurality of tubes to contain a cooling fluid that exchanges heat 
25 with said exhaust fluid, said cooled exhaust fluid exiting said cooler for return to said 
engine. 

10. The system as recited in claim 9 wherein said exhaust fluid passes 
through each of said plurality of packs consecutively. 

30 
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11. The system as recited in claim 10 wherein said exhaust fluid travels 
between a first pack and a second pack through a first fluid connector positioned 
between said first pack in which said exhaust fluid flows in a first direction and said 
second pack in which said exhaust fluid travels in a second direction opposite to said 

5 first direction, said exhaust fluid flowing through said first connector to reverse said 
exhaust fluid from said first direction to said second direction. 

12. The system as recited in claim 1 1 wherein said cooler further includes a 
third pack, and said exhaust fluid travels between said second pack and said third pack 

10 through a second fluid connector positioned between said second pack in which said 
exhaust fluid flows in said second direction and said third pack in which said exhaust 
fluid travels in a third direction opposite to said second direction, said exhaust fluid 
flowing through said second connector to reverse said exhaust fluid from said second 
direction to said third direction. 

15 

13. The system as recited in claim 12 wherein said cooler further includes 
an exit tube, and said exhaust fluid travels between said third pack and said exit tube 
through a third fluid connector positioned between said third pack in which said 
exhaust fluid flows in said third direction and said exit tube in which said exhaust fluid 

2 0 travels in a fourth direction opposite to said third direction, said exhaust fluid flowing 
through said third connector to reverse said exhaust fluid from said third direction to 
said fourth direction. 

14. The system as recited in claim 9 wherein each of said packs of said 
2 5 cooler further include a first end plate and a second end plate each having a plurality of 

holes, and a first end of each of said plurality of tubes is received in said plurality of 
holes in said first end plate and an opposing second end of each of said plurality of 
tubes is received in said plurality of holes in said second end plate. 

30 15. The system as recited in claim 9 wherein said plurality of tubes are 

helical. 
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1 6. A cooler for an exhaust gas recirculation system comprising: 

a plurality of helical tubes to contain one of an exhaust fluid and a 
cooling fluid, said plurality of tubes separated into at least one pack; and 

a shell portion enclosing said plurality of tubes to contain the other of 
5 said exhaust fluid and said cooling fluid, said exhaust fluid and said cooling fluid 
exchanging heat therebetween. 

17. A cooler for an exhaust gas recirculation system comprising: 

a plurality of helical tubes to contain an exhaust fluid separated into a 
10 plurality of packs, said exhaust fluid passing through each of said plurality of packs 
consecutively and said exhaust fluid travels between a first pack and a second pack 
through a first fluid connector positioned between said first pack in which said exhaust 
fluid flows in a first direction and said second pack in which said exhaust fluid travels 
in a second direction opposite to said first direction, said exhaust fluid flowing through 
15 said first connector to reverse said exhaust fluid from said first direction to said second 
direction; and 

a shell portion enclosing said plurality of tubes to contain a cooling 
fluid that exchanges heat with said exhaust fluid. 

20 18. The cooler as recited in claim 1 7 wherein said cooler further includes a 

third pack, and said exhaust fluid travels between said second pack and said third pack 
through a second fluid connector positioned between said second pack in which said 
exhaust fluid flows in said second direction and said third pack in which said exhaust 
fluid travels in a third direction opposite to said second direction, said exhaust fluid 

25 flowing through said second connector to reverse said exhaust fluid from said second 
direction to said third direction. 
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19. The cooler as recited in claim 18 wherein said cooler further includes 
an exit tube, and said exhaust fluid travels between said third pack and said exit tube 
through a third fluid connector positioned between said third pack in which said 
exhaust fluid flows in said third direction and said exit tube in which said exhaust fluid 

5 travels in a fourth direction opposite to said third direction, said exhaust fluid flowing 
through said third connector to reverse said exhaust fluid from said third direction to 
said fourth direction. 

20. The cooler as recited in claim 17 wherein each of said packs of said 
1 0 cooler further include a first end plate and a second end plate each having a plurality of 

holes, and a first end of each of said plurality of tubes is received in said plurality of 
holes in said first end plate and an opposing second end of each of said plurality of 
tubes is received in said plurality of holes in said second end plate. 

15 21. A method for cooling an exhaust fluid comprising the steps of: 

providing a plurality of tubes to contain an exhaust fluid separated into 

a plurality of packs; 

providing a shell portion enclosing said plurality of tubes to contain a 

cooling fluid; and 

20 exchanging heat between said exhaust fluid in said plurality of tubes 

and said cooling fluid in said shell portion, said exhaust fluid flowing through each of 
said plurality of packs consecutively. 
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AMENDED CLAIMS 

[received by the International Bureau on 20 January 2003 (20.01.03); 
original claims 1 and 21 replaced by new claims 1 and 21; 
remaining claims unchanged (2 pages)] 

1 . A cooler for an exhaust gas recirculation system comprising: 

a plurality of tubes to contain one of an exhaust fluid and a cooling fluid, 
said plurality of tubes separated into a plurality of packs, each of said plurality of tubes 
having a uniform cross-sectional area; and 

a shell portion enclosing said plurality of tubes to contain the other of said 
exhaust fluid and said cooling fluid, said exhaust fluid and said cooling fluid exchanging 
heat therebetween. 

2. The cooler as recited in claim 1 wherein said exhaust fluid is contained in 
said plurality of tubes and said cooling fluid is contained in said shell portion. 

3. The cooler as recited in claim 2 wherein said exhaust fluid passes through 
each of said plurality of packs consecutively. 

4. The cooler as recited in claim 3 wherein said exhaust fluid travels between a 
first pack and a second pack through a first fluid connector positioned between said first 
pack in which said exhaust fluid flows in a first direction and said second pack in which said 
exhaust fluid travels in a second direction opposite to said first direction, said exhaust fluid 
flowing through said first connector to reverse said exhaust fluid from said first direction to 
said second direction. 

5. The cooler as recited in claim 4 wherein said cooler further includes a third 
pack, and said exhaust fluid travels between said second pack and said third pack through a 
second fluid connector positioned between said second pack in which said exhaust fluid 
flows in said second direction and said third pack in which said exhaust fluid travels in a 
third direction opposite to said second direction, said exhaust fluid flowing through said 
second connector to reverse said exhaust fluid from said second direction to said third 
direction. 

11 
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1 9. The cooler as recited in claim 1 8 wherein said cooler further includes an exit 
tube, and said exhaust fluid travels between said third pack and said exit tube through a third 
fluid connector positioned between said third pack in which said exhaust fluid flows in said 
third direction and said exit tube in which said exhaust fluid travels in a fourth direction 
opposite to said thiid direction, said exhaust fluid flowing through said third connector to 
reverse said exhaust fluid from said third direction to said fourth direction. 

20. The cooler as recited in claim 17 wherein each of said packs of said cooler 
further include a first end plate and a second end plate each having a plurality of holes, and a 
first end of each of said plurality of tubes is received in said plurality of holes in said first 
end plate and an opposing second end of each of said plurality of tubes is received in said 
plurality of holes in said second end plate. 

21. A method for cooling an exhaust fluid comprising the steps of: 
providing a plurality of tubes to contain an exhaust fluid separated into a 

plurality of packs, eagh of said plurality of tubes having a uniform cross-sectional area; 

providing a shell portion enclosing said plurality of tubes to contain a 
cooling fluid; and 

exchanging heat between said exhaust fluid in said plurality of tubes and said 
cooling fluid in said shell portion, said exhaust fluid flowing through each of said plurality 
of packs consecutively. 
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